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INTRODUCTION 
The soybean is an annual legume native to eastern 
Asia, where it has formed an important source of protein 
f'ood .for many centuries . (10) Its use 1n China dates baok 
to the beginning of China's agricultural age, or at least 
3000 ·E. c. (5) Later, its use spread to Japan, India, 
Ceylon, West Af'rioa, South America, Australia, and the 
United St~tes. (1) Seventeen years ago, China produced 
8~ of the world 's soybean crop, 70% coming ~roe Manchuria 
alone. 'fhe production at that time was 41 500,000 tons 
from a, 000.000 acres, wh.1oh represented one f'ourth o.f the 
total cultivated area of China. (5) Since that time , the 
amount raised in the United States has grown to about 
13,000,000 bushels of beans in 1930. (2) 
The value of' the soybean as a forage crop , stook 
rood, and soil builder 1s very generally recognized. (8) 
In addition to these there is valuable oil available from 
the bean to the extent of' up to 2~ by weight . (10) In-
creased production in the United States has reduced the 
amount of imported soybean oil f"rom 3361 824,646 pounds 1n 
1918 to 13,166,220 pounds 1n 1928• according to stati stics 
from the united States Department of Commerce. (8) In 
1932 1 the United States produced one and one half' times 
as mueh as it consumed. (6) 
. , 
ol 
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Sa,.bean meal, the ground bean rrom which the oil has 
been exPreased or extracted, is a high grade atock tood 
and a good. tert111zer. Soybean tlour is made by grinding 
the meal and is used extena1vely 1n human toods; 1t is 
especially valuable as a diabetic food because or the 
almost entire absence of starch. (10) 
The oil or the soybean, which is claeaitied as a 
sem1-drJ1ng oil, has properties which adapt it to a wide 
variety of uses. Aa a rood it is used 1n butter and lard 
substitutes, edible oils and sa1ad o1lsJ its non-food uses 
include paints, enamels, varnish, explosives, linoleum. 
cellulo1d• lighting, lubrication. printing inks. and soaps • 
(10) Extensive research is be1ng carried on by llWlY groups 
at the present time 1n an attempt to increase the utilization 
ot soybean 011. The paint and varnish industries ot this 
country are sponsoring research 1n an attempt t o substitute 
the oil tor linseed and tung oils. (4) 
Paint containing a mixture ot soybean oil and linseed 
oil baa the advantage over pure linseed oil paint in that 
it does not turn yellow on aging and the 1'1lm is considerably 
more elastic. Soybean oil 1s also cheaper than either 
11naeed or tung oil at the present time. Furthermore, the 
United States is dependent on roreign countries ror about 
37~ or the linseed 011 used in this country. ( 10) The 
reason soybean oil cannot now displace linseed oil entirely 
• 
• 
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1a because or its lower drying power. 
It 1s the purpose ~ this research to increase the 
drying properties ot eoJbean oil 1n order that 1 t can be 
used to displace 11naeed oil to a greater extent • 
• 
• 
.... 
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HISTORICAL 
The method ot processing the soybean tor 011 1a qui te 
similar to the processing ot cottonseed. linseed. and 
peanuts. In China much or the oil is produced in small 
domeat1o m1.lls operated in a rather primitive fashion. (8) 
The beans are soaked in water, crushed between :millstones. 
heated on atones or 1n iron pans. and pressed 1n wooden 
preasea. This method y1elda about 8~ to 1~ oil. (1 ) 
In this country the 011 is removed by three general 
m.ethodas the expeller method• the ~draulic press method• 
and the solvent extraction method. The expe11er method is 
the generally prevailing one today. although solvent extrac-
tion removes a higher percentage o~ the 011 , leaving a 
drier cake which 1s more aatistactory as a stock food . (10) 
The 011 obtained bJ' the expeller and hydraulic press methods, 
however, generally brings a slightly higher price than the 
extracted oil. (5) 
The expeller method involves the use ot a mechani cal 
expeller. the beans tirat being dried and crushed . It ie a 
continuous process and involves little labor coat. although 
the power requirement ls large . '!'he cake produced contains 
about 5~ oil but is highly digestible . (10) 
• 
-8-
In the hydraulic press system. the beens are cru8hed 
and cooked. and then sent 1n batches to the hydraulic 
preeses. This process requires a comparatively low 1nYest-
ment cost, but the po r and lnbor requirem&nts re high. 
The cake produced has a higb residual 011 content. about 
6~. and is undesirable f'ro111 the stock feeding aspect . (10) 
The solvent extraction process involves dissolving 
the 011 out or the rlaked seeds with an organic solvent 
such aa ether. naphtha, benzol, or trichloroethylene. and 
separating t he oil .from the solvent by distilling or.r the 
l atter, recovering the solvent to be us ed again. This 
prooeas also removes the tat-soluble vitamin and leaves it 
1n the oil. (2) Ste8lll and cooling water requirements are 
high and solvent losses are e~ens!ve, but the power re-
quirement is not large. The cake produced contains only 
about 1~ oll and 1s highly satisfactory for most uses. (10) 
The crude soybean 011 thus obtained is generally ot 
a dark reddish brown color. is about neutral 1n reaction 
men fresh. and has an iodine number of about 1:50. The oil 
has considerable drying properties which fit it tor acting 
as the vehicle tor pa1nte , The power o.f ttdryingtt 111 the 
ability to combine with atmospher ic oxygen, and this 1n 
turn depends primarily on the degree of saturation of' the 
oil; the less saturated the 011 is, the more quickly will 
it combine with oxygen and become dry. 
• 
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Since the iodine number or en oil measures lte degree 
of saturation, this number is generally taken as an index 
or the drying capacity ot the 011. According to Picard (g), 
however, crude oils with the same 1od1ne value may d1tter 
30~ to 4oo% 1n drying rate. He says this variation is due 
to the dlt'terent amounts or lecithin present in the 011, 
the lecithin content va171ng widely depending on the extrac-
tion process. Lecithin 1s a distinct drier, and it removed 
trom the oil there 1s no more variation 1n the drying ot 
oils having the same 1od1ne value. 
The value ot soybean oil as a paint vehicle has been 
recognized tor many years. As early a.s 1912, 'loch (11) 1n 
England wrote about the ut111sat1on ot soybean oil tor paint 
purposes. Bis work, as well as most ot the work that has 
b&en done on the subject up to the present time, wa~ on the 
problem ot using ohem1.cal driers 1n soybean oil end 1n 
mixtures or soybean and linseed oils. 
Gray (3) recognized the tact that soybean oil has 
the advantages ot flowing more freely and working better 
than linseed 011, and of producing a glossy tilm which has 
tar more elast1e1ty and which does not tend to turn yellow 
with age. 
Picard (9) says, ttSoybean oil should not be used in 
too large amounts 1n paint, as tewer double bonds are tormed. 
It is sorter at the beginning and picks up dirt taster, but 
• 
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chalks more qu1ckl~, releasing dirt~ increasing in white-
ness and becoming a s h rd as any type of paint. It ls 
better than linseed 011, 1n that it does not crack, and the 
film holds better than straight linseed oil 1n high pigment 
concentration. Blomi soybean oil brush s easier than blolJ!l 
linseed oll . It a 1ec1th1n-tree soybean oil is bolstered 
with a large or smal l amount of other oils, china wood, 
perilla, linseed, ete., and with 5% to 10~ of properl y 
treated china wood 0111 it becomes so naar 1n properties 
t o linseed oil that it ls good t or a normal line of house 
paints. tt 
'l'he purpose of this research la to ende vor t n f1nd a 
zmmns of increasing the unsaturation oi' soybean oil, provid-
ing more double bonds and thereby increasing the drying 
rate. This should make possible the use ot a higher percent-
age of soybean oil in paints, and possibly the use of a 
100% soybean oil vshicle. It 1s the bel1et ot the author 
that if this were possible a better and l ees expensive paint 
cou1d be produced. 
• 
\ 
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BXPERDIENTAL 
Jlateriala 
Soybean oil 
The crude soybean 011 used in these experiments was 
produced by the solvent extraot1on plant 1n the chemical 
engineering l bor tory at Iowa State College. Ames. Iowa. 
Triohloroethylene was the solTent used 1n extracting the 
oil 1'rom the flaked beuma. and it 1s possible that there 
was a trace ot thie solvent lett in the crude oil. 
Chemic ale 
The aluminum oxide and tungst1c oxide used as catal7ata 
were standard chemically pure products thnt had been ground 
to a fine po er. 
In the iodine number determ1n&t1on_ the Hanus method 
as described 1n Jlah1n's 'Quantitative Analysi " (7 ) was 
used. The iodine monobrollllde solution s made up according 
to the direot1ons given. and all ehem1ca1s used were standard 
chem1ca1ly pure products. 
• 
.. 
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lletbod of Procedure 
Apparatus ·s 
The scheme need in theBe experiments was to mix a. 
dehydrating e talyat intimately w1 th the crude soybean oil, 
heat the 011 to a high temperature, and subject 1t to a 
mild oxidation, ue1ng a1r as the oxidizing agont. Because 
soybean oil deoo oses somewhat it 1t is kept for too long 
a time at the high tempero.tures employed, 1t was neeeasQJ'7 
to complete the process and cool the oil betore it had a 
chance to deoompoae to any great extent • 
In order to bring the oil into intimate contact with 
the air, a piece or one inch pyrex glass tubing eighteen 
inches long was tilled with glass beads and used as a column. 
To tho bottom of this col\UtD'.1 a d1st1111ng flask was attached 
to collect the oxidized oil, and oom:pressed air was intro-
duoed o.t a slow rate through the arm of the flask . The 
crude 011, after being mixed with the catalyst, was heat ed 
with a Bunsen burner in another distilling flsek. This 
t1ask was provided with a two-hole rubber stopper through 
which were inserted a thermometer to measure the temperature 
of the oi l and a glass tube extending ~om tho bottom ot 
the flask up t hrough the stopper and over t o t he top of the 
• 
• 
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column~ The arm 0£ the tlask s connected. to a souroe or 
compressed ai.r• the a1.r being used to force the oil up 
through tho glass tubing and over to the top of the column. 
A thermometer was also inserted in the column. with 1ts 
bulb about 1n the middle. to measure the temperature of the 
oil at that point. 
Sample Bo. li 
About 400 cc.· or the crude soybean oil was mixed 
intimately with 8 grams 0£ t ungst1o oxide. and the mixture 
was heated to 175 degrees Centigrade.. A change took pl aoe 
1n the tungst1c oxide a t about 100 degrees. 1ta color 
changing :trom bright yellow to dark green., This was prob-
ably caused by an oxidation of the oil, the oxide being 
reduced to a lower oxide ot tunesten.. When the temperature 
reaohed 175 degrees.· the 011 was run down through the 
column and the a1r was turned on to pass up through the 
column. The column was at room temperature when the oil 
s riret introduced, and reached 140 degrees Centigrade at 
the end of the run. '!'he average tem.porature of the middl e 
of the oolUii1l'l tor the run s AO degrees. The oil was run 
into the column a little too rast and piled up somewhat; 
the ai r had t o be shut orr twice to allow the oi l t o pass 
• 
• 
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out or the column. The oil was passed through the oolunm 
in ritteen minutes • 
Sample Ho. 2: 
Sample Bo. l waa heated again, this time to 190 
degrees Centigrade, and was run through the column a second 
time. The average temperature ot the center or the column 
tor this run was 90 degrees Centigrade. 'l'he time taken 
tor the passing or the oil through the column was agaill 
t1tteen minutes • 
Sagle Bo. 3: 
The same sample or oi1 was heated again, to 195 
degrees Centigrade, and was again run through the column. 
The aTerage temperature or the center or the eolunn thia 
time was 80 degrees, and the time or the run was twent7 
minutes. 
Sample llo. 4: 
The same quantity or crude soybean oil, about 400 cc., 
was taken again and 1nt1ma.tely mixed with 8 grmu or tung-
at1c oxide. This mixture was heated to 225 degrees Centi-
grade 1n the rlaak. and the tungatic oxide went through the 
• 
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same color change again at about 100 degrees. At about 
210 degrees another change took place, the green color ot 
the tungst1c oxide taking on a bluish tinge. At the same 
temperature a violent bumping began and a clear liquid 
boiled out of the oil and condensed on the upper part of 
the neck ot the tlask. It 1a believed that this wa.a water 
which boiled out ot the oil, although 1t could have been the 
extraction solvent, trichloroethylene, a small amount ot 
which might have been left 1n the oil. When the oil was 
run through the column a1'ter its temperature had reached 
225 degrees, it was seen that the tungstic oxide had coagu-
lated into small clots and was no longer d1sp"6raed even1y 
1n the oil. The average temperature ot the center of the 
oolumn was 90 degrees Centigrade. The 011 was passed through 
the column 1n twenty minutes. 
Sample No . 5: 
In the beliet that the passing ot sampl e Bo. 4 through 
the colUDll did little or no good, a sample was taken of 
this 011 at'ter it had been heated to 225 degrees and betore 
it was passed through the column. 
• 
• 
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Semple o. 61 
Another aamp1e ot about 400 cc. ot crude soybean oil 
was taken and was mixed w1 th 8 grams ot aluminum oxide. 
This aixture was heated to 225 degrees Centigrade 1n the 
tlaak and was then run through the column. The same boiling 
took place in the flask, beginning at about 210 degrees. 
Bo appreciable change waa noted 1n the aluminum oxide except 
that it coagulated to a alight degree; this change was not 
nearly as mnch as took place with the tungst1e oxide 1n tho 
previous run. however. Th& average temperature of the 
center of the colUJll'l tor the run was 85 degrees Centigrade, 
and the time taken tor the passing ot the oil through the 
column was twenty minutes. 
Sample llo. 7 : 
A SfUIPle of the oil used 1n Io. 6 was taken arter it 
had been heated 1n the tlask but before it was passed 
through the column. 
Sample Bo. St 
Another 400 cc. sample of the crude oil was mixed 
with 8 grams of aluminum. oxide and heated 1n the naak to 
225 degrees Centigrade. The same boiling was noted as with 
• 
.. 
• 
• 
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the previous samples that were heated to this temperature. 
In this run 8Jl attempt was made to obtain a higher tempera-
ture 1n the column by heating the a1r that was paaaed up 
through the column. The air, before entering the column, 
was passed through a 0011 of oopper tubing which was sur-
rounded by a mu1'1'le and heated with a Bunsen burner. This 
heated air was passed through the colunn for about fifteen 
minutes before the oil was 1ntrodueed. The temperature of 
the oolWlll f or the run was constant at 100 degrees Centi-
grade; it was not possible to maintain a higher temperature 
because ot radiation losaea throughout the length ot the 
column. The 011 waa passed through the column in twenty 
minutes. 
Sample Bo. 9t 
A sample of the oil uaed in Ho. 8 was taken a.f'ter i t 
had been heated 1n the tlaak but before it waa passed 
through the colwr.n • 
• 
• 
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Methods of' Testing 
Iodine number : 
As was stated above, the Hanus method as descri bed 1n 
Analysis~ (7) as used f'or the iodine 
number determination. ':l'he iodine monobrom1de sol ution was 
made up according to the directions g1venJ ho ver, some 
d1.tfieulty was encountered in 1ts use. The half-hour ab-
sorption time did not eeem to be long enough to allow the 
oi l to become completely saturated with iodine . This di.t-
f'iculty might have been due to some fault in the making up 
of' the iodine monobromide sol uti on. Soma time was spent 1n 
standardizing the procedure• and constant results were 
f 1nally obtained by using a smaller eight of sampl e than 
was recommended by Uah1n and by allowing three days absorp-
tion time. 
Prying teat: 
To determine the t ime ot drying, the sampl es ot 011 
wer e spread on c lean watch gl asses and allowed to stand 
until dry in alr that varied trom 25 to 35 degrees Centi-
grade. A sample was oonaldered dry when the tilm no longer 
adhered to the f'inger and d1d not rub up apprec1abl7 when 
the t1nger was lightly rubbed across the surface. 
• 
• 
• 
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RESULTS ABD DISCUSSION 
The £ollow1ng table shows the results obtained from 
the iodine number and drying tests. 
EFFECT OF UILD OllDATION OF OBUDE SOYBEAN OIL 
: Sample : Flask 1 Column : 1od1ne ·: Drying : 
I Bo1 : Teml?! : Tem:e. : Ho. • Time • . • 
: - - :~rues o 1Degrne1 c: : Hours : 
: • f • • ; • • • 
: Raw 011 1 ..... _ ' --- I 132 
• 82 : • 
• : • : • : • • • -. 1 I 1"15 • 80 I 133 • 56 : • • • : : • • • • . • • II 
: 2 t 190 I 90 • 137 : 50 : • 
t : : • : : .
' 3 : 195 I 80 I 137 I 48 : s • : I . • • • • 
I 4 I 225 I 90 I 144 I 67 • • : : : = : :. I 5 I 225 J --~ : 138 : 70 : 
& I I • t • • • 
• 6 : 225 I 85 • 138 : 41 : .. • 
: : • : : • • • 
: 7 : 225 I --- r 135 : · 43 : 
: • I t • • • •· .. • 8 : 225 s 1.00 • 137 • 40 • • .. • • 
: : . .: I . .t . • • 
.I 9 I 225 : . --- ,. 134 I 42 : 
I ----- _____ .t. --- - -- - - : 
It is eT1dent trom the above data that the iodine 
number is not a very accurate index ot the drying time. 
It 1s poes1ble t hnt the drying time W&.8 atteoted by t he 
presence 1n the samples ot am.all quant1t1.es ot suspended 
alum1na and tungatie oxlde . The chemicals were not t1ltered 
• 
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out ot the oil, but were allowed to settle to the bottom. ot 
the sample bottle betore the tests were made. In the first 
tive samples, ho178ver, the oil uaed tor the drying tests 
appeared to be perfectly clear. In the last tour samples, 
the ones 1n which aluminum oxide was used, the time allowed 
tor settling waa only a tew days, and 1t is quite probable 
that small quantities ot suspended a lu:mina were present 1n 
the oil used tor the drying tests. Thie might have had 
some etteot on the drying time, as the drying time of theae 
f'our aamplee was substantially lower than the drying time 
ot the other samples • 
It ia also evident trom the data that re-heating the 
oil and passing it through the column a second and a third 
time increased the drying rate ot the oil, although it had 
little e~fect on the iodine number. 
A rather surprising result is that the pae$1.ng ot the 
oil through the column appears to do little good. The 
tests seem to indicate that praot1ca1ly a.11 ot the oxidation 
was done by the ohemieal reagent during the heating 1n the 
tlaek and that little further oxidation took place during 
the passing ot the oil through the eolumn. This was probabl7 
due to the low temperature or the oil 1n the column, and 1t 
1s quite likely that much better reeulta could be obtained 
1t the column were 1neulated ao that the temperature of the 
011 could be maintained at 200 degrees Centigrade or above. 
• 
• 
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In: the last run an atteJll)t s de to obtain a higher 
tempor ture 1n the column by heatin g the air that was run 
t hrough the c ol umn, but because of t he he at lost through 
t he uninsulated gla~s the des ired temperature could not be 
attained. 
For tuture work on this subject, it is the author's 
suggeat 1on that two d1.tterent procedures be at tempted. 
The t 1rst of these is to follow the procedure outlined 1n 
this report , bu t to maintain a higher temperature in t he 
column by insula t 1on or by somo other means such as aux111&.r7 
heating ot a j acket around the eolttt:In. The second procedure 
recommended is to do away with the column, mixing larger 
portions of alm:rtnn or tungst1e oxide -.1. th the oil and merel7 
heating with ag1tat1on. Thor ium o.nd chromium oxides could 
also be trled. A mean should be tound of recovering the 
ohomioal reagents and re-o.zid1&1ng them 1f nocessary. 
• 
• 
• 
• 
- 22-
CONCWSIONS 
The results o:f' this 1nvest1gat1on indicate thata 
l. It 1s possible to slightly increase the unsatura~ 
tion o:f' soybean 011, ther oby increasing its drying rate, by 
means of a mild oxidation with air at a high temperature 
and the use o:f' a deb7drat1ng catalyst thoroughly dispersed 
in the oil. 
2 . 'l\mgetic oxide and aluminum oxide both gave :f'a1rl,-
good results; alu:minum oxide was a little the better • 
3. The chemical reagents used, alumina end tungsti c 
oxide, both apparently oxidized and dehydrated the oil when 
the mixture was heated 1n the rlask. 
4 . If tho temperature of' the 011 as i t passes through 
tho column is not above 100 degrees Centigrade, the air 
oxidizes it only to a very slight extent. 
5. The iodine number of the oil is not a very aecurate 
i ndex of its drying rate. 
6 . The beat drying ro.te obtained by tho use o~ tung-
stic oxide was obtained by passing the same snmple of oil 
through the column a number of times. 
7. A better drying rate vaa obtained when a l umina waa 
us ed than when tungsti c o.xide was used. and was obtained 
when the highest temperatures were employedc 
• 
• 
• 
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a. The treatment of soybean oil by this method 
darkens its color cons1dorably, which might prevent its 
use in 'White paints • 
• 
• 
• 
• 
LITERATURE CITED 
1. Andes, L. E. Vegetable Fats and Oils. Scott, Green-
wood and Son. 1925. 
2 . Forman, L. V. The Use of Aluminum Oxide 1n Deodorizing 
Soybean 011. Unpublished B. s. Thesis. Library, 
Iowa State College, Ames, Iowa. 1934. 
3. Gray, G. D. All About the Soya Bean. p. 81- 2 . John 
Be.le, Sons. and Dan1elsson, Ltd., London. 1936. 
4. Hanover, K. Ut111~ation of Soybean 011. Unpublished 
B. s. Thes1s. Library, Iowa State College, Ames. 
Iowa. 1957. 
5. Horvath., Dr. A. A. The Soybean as Ruman Food. Chinese 
Government Bulletin. Bureau of Eoonondc Informat1.on 
Series No. 3. 1925. 
6. Illebke, E. E. A Col!lmerc1al Process t or the Produetion 
or an Edible Soybean 011. Unpublished B. s. Thesis. 
Library, Iowa State College, Ames , Iowa. 193:3. 
7. Mahin, E. G. Quentitat1ve Annlya1s. p. 418- 20. 
MoGra~-Hill Book Co. , Inc. 1932. 
8 . Morse , W. J. Soybean Utilization. U. S. Dept . Agr. 
Farmers' Bulletin 1617. 19:SO (ReV1sed 1932) ... 
9 . Pioard, Glen. Soya Been 011. Canadian Chemistry and 
Proeese Industries 22:179-80. Kay, 1938. 
10. Sweeney, o. R., and Arnold, L. K. Pztocessing the 
Soybean. Engineering Extension Service Bulletin 
103 (Revised). Iowa State College# Ames, Iowa. 
1935 • 
11. Toch, u. Soybean 011 tor Pa1nt Purposes . Chemistry 
and industry 311572. 1912. 
_ .... ~-~-
